Gradually reducing the frequency of energy supplementation did not negatively impact growth, but alleviated indices of inflammation and prevented detrimental effects on vaccine response against BVDV1a and PI-3 viruses compared to steers offered concentrate 3 times weekly during the entire study. 
Introduction
Beef calves that are preconditioned typically experience multiple management processes (for example, weaning, vaccination, and feedlot entry) that cause an acute phase protein response (APR) and impair growth performance (Arthington et al., 2008 (Arthington et al., , 2013 . Recently weaned beef calves require energy supplementation to improve body weight gain and economic return during preconditioning, but daily concentrate supplementation increases production costs associated with labor, fuel, and equipment (Cooke et al., 2008) . Decreasing the frequency of energy supplementation from daily to 3 times weekly reduced feeding costs without changing the weekly supplement amount (Drewnoski et al., 2014) . However, this strategy leads to fluctuations in forage and nutrient intake, which further exacerbates the post-vaccination inflammatory response and decreases growth and vaccine-induced production of antibodies against bovine viral diarrhea virus (Artioli et al., 2015; Moriel et al., 2016) suggesting that decreasing the frequency of energy supplementation during preconditioning and vaccination should not be used.
Therefore, we hypothesized that by adding a gradual reduction of frequency of supplementation by offering the concentrate daily for 14 days until first vaccination, and then 3 times weekly until the end of preconditioning period, would allow producers to reduce feeding costs without impairing vaccine response and growth of preconditioning beef calves.
Materials and Methods
The present study was conducted from May to July 2016 at the Mountain Research Station, Waynesville, NC. Forty-Two Angus steers were used in the study in a completely randomized design. On day 0, steers were stratified by body weight and age, and randomly assigned into 1 of 14 drylot pens (3 steers/pen). From days 0 to 42, steers were provided free choice access to ground tall fescue hay and supplemented with a 50:50 soybean hulls pellets and corn gluten pellets concentrate (dry matter basis). Treatments were randomly assigned to pens and consisted of similar weekly concentrate dry matter supplementation (1% of body weight multiplied by 7 days) that was divided and offered daily from days 0 to 42 (7X; 4 pens), 3 times weekly from days 0 to 42 (3X; Monday, Wednesday, and Friday; 5 pens), or daily from days 0 to 15 and then 3 times weekly from days 16 to 42 (7-3X; 5 pens). Individual body weight was measured before feeding on days 0 and 42, following 12 hours of feed and water withdrawal. On days 0 and 15, all steers were vaccinated against IBR, BVDV-1a, and PI-3 viruses. Blood samples were collected to evaluate serum antibody titers against IBR, BVDV-1a, and PI-3 viruses and plasma concentrations of haptoglobin and cortisol.
All data were analyzed as a completely randomized design using the MIXED procedure of SAS (SAS Institute Inc., Cary, NC, USA, version 9.4). Pen was considered the experimental unit. Growth performance was tested for fixed effects of frequency of supplementation, using steer (pen) and pen (treatment) as random effects. Plasma and serum measurements were tested for fixed effects of treatment, day, and resulting interaction using steer (pen) as subject and pen (treatment) as random effect. Significance was determined at P≤0.05 and tendencies were considered when 0.05<P≤0.10.
Results
Overall body weight, average daily gain, feed efficiency, hay dry matter intake, and total dry matter intake over the 42-day period did not differ among treatments (P≥0.26; Table 1 ). Plasma concentrations of cortisol and mean serum BVDV-1a titers also did not differ among treatments (P≥0.35; Table 2 ), but overall plasma haptoglobin concentrations were greater for 3X steers compared to 7-3X and 7X steers (P≤0.05; Table 2 ). Also, 3X steers had less mean serum IBR titers (P≤0.05) and less percentage of calves responding to vaccination against PI-3 virus on day 15 compared to 7-3X and 7X steers (P≤0.05; Table  2 ).
In summary, a gradual reduction on frequency of energy supplementation during a 42-day preconditioning period did not negatively impact growth, but alleviated indices of inflammation and prevented detrimental effects on vaccine response against BVDV-1a and PI-3 viruses compared to steers offered concentrate 3 times weekly during the entire study. Table 1 . Growth performance of beef steers provided similar weekly concentrate dry matter supplementation that was divided and offered daily from days 0 to 42 (7X; 4 pens), 3 times weekly from days 0 to 42 (3X; Monday, Wednesday, and Friday; 5 pens), or daily from days 0 to 15 and then 3 times weekly from days 16 to 42 (7-3X; 5 pens). 2 Least square means covariate-adjusted to body weight on day 0 (P<0.0001). Individual body weight was measured on days 0 and 42, following 12 hours of feed and water withdrawal. 3 Calculated by dividing total body weight gain by total dry matter intake from days 0 to 42. Table 2 . Plasma and serum measurements of beef steers provided similar weekly concentrate dry matter supplementation that was divided and offered daily from days 0 to 42 (7X; 4 pens), 3 times weekly from days 0 to 42 (3X; Monday, Wednesday, and Friday; 5 pens), or daily from days 0 to 15 and then 3 times weekly from days 16 to 42 (7-3X; 5 pens). 
